
SPACE IT UP: an innovative project to uncover LAIC processes  

Space It Up project aims to explore and improve the Technology Readiness Level 

(TRL) of innovative methods of space observation for natural disaster protection 
using nanosatellite constellation architectures, focusing on mitigating the effects of 
natural and anthropogenic disasters. 

The ultimate goal is to advance the understanding of how lithospheric events— such 

as earthquakes, volcanic eruptions, landslides, and tsunamis—affect the 

atmosphere through the lithosphere–atmosphere–ionosphere coupling (LAIC).  

By integrating innovative data analysis, AI-driven models, and ground-based and 

satellite observations (e.g., ESA’s Swarm constellation), the initiative aims to revise 
and improve detection algorithms, conduct gap analyses for new sensing 
technologies, and develop models to interpret atmospheric and ionospheric 
responses to geohazards.  

These models will be validated through case studies, enhancing the interpretation of 

ionospheric disturbances from seismic activity and atmospheric effects of 

volcanic events across different phases. This comprehensive approach is designed 

to bolster Italy’s leadership in space-based geohazard risk management. 

This study is carried out within the Space It Up project funded by the Italian Space Agency, 
ASI, and the Ministry of University and Research, MUR, under contract n. 2024-5-E.0 - CUP 
n. I53D24000060005. 
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Space It Up involves  
13 Universities: Politecnico di Torino, Politecnico di Milano, Università degli Studi di Napoli “Federico II”, La Sapienza-Università di Roma, Università di 
Padova, Università degli Studi di Trento, Gran Sasso Science Institute, Università di Bologna, Università di Pisa, Politecnico di Bari, Università degli Studi di 
Firenze, Università della Calabria e Università degli Studi di Roma “Tor Vergata”  

10 Public and Private Research Centers: Centro Nazionale delle Ricerche-CNR, Istituto Nazionale di Astrofisica-INAF, Istituto Nazionale di Fisica 
Nucleare-INFN, Istituto Nazionale di Geofisica e Vulcanologia-INGV, Istituto Nazionale di Ricerca Metrologica-INRiM, Istituto Italiano di Tecnologia-IIT, 
Centro Euro-Mediterraneo sui Cambiamenti Climatici-CMCC, Agenzia nazionale per le nuove tecnologie, l'energia e lo sviluppo economico sostenibile-ENEA, 
Fondazione Bruno Kessler e Fondazione LINKS 

10 Companies: Leonardo, TAS-I, Telespazio, Altec, E-Geos, Cira, Sitael, Argotec, TYVAk e Mapsat 

Space It Up Partneship 

Expected Results 
 Establishment of new collaborative facilities that will serve as hubs for academic-

industrial partnerships, facilitating the co-development and validation of advanced 
space-based technologies.  

 Design and prototyping of miniaturized breadboards for a range of innovative 
instruments and sensors, optimized for integration into nanosatellite platforms.  

 Novel design and testing methodologies that combine digital twin paradigms with 
environmental testing protocols, enabling more efficient, cost-effective validation of 
space systems under simulated mission conditions.  

 Development and validation of predictive and diagnostic models for geophysical 
and environmental monitoring, grounded in both empirical data and physical simulations.  

 Generation of real-time geospatial products, such as soil moisture maps and flood/
fire detection maps, which are critical for environmental monitoring and disaster 
management.  

Collectively, these outcomes are intended to strengthen Italy’s position in space-based Earth 
observation and planetary protection technologies. 
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Develop nanosatellite constellations 
The project centers on developing advanced on-board data processing 

architectures for quasi-real-time operations using COTS FPGAs.  

These systems will feature hardware-accelerated vector processing, 

embedded AI-ready neural networks, and functional safety elements to 
enable autonomous data analysis in orbit.  

A key goal is the miniaturization of scientific instruments for nanosatellites, 

including breadboard prototypes of low-frequency electric field sensors, 

search coil magnetometers, and plasma 

instruments—derived from the CSES-2 mission—

optimized for compact, low-power use. Additional 
efforts include developing and space-qualifying 
miniaturized low-energy electron detectors (40 keV
–10 MeV) for detecting charged particle fluxes 
linked to lithospheric activity. 

An important payload under consideration is a 

Topside Ionospheric Sounder, designed to 

measure electron density profiles above the F2 
layer peak. Unlike ground-based ionosondes or in-
situ probes, this instrument can capture full topside 
ionospheric profiles by transmitting frequency 
sweeps (1–tens of MHz) and analyzing return 
signals to derive density and range data. Only a few such instruments have 

flown previously, notably on the Alouette and ISIS satellites (1962–1990), 

making this a rare and valuable capability. 

This project aims to improve the monitoring and prediction of paroxysmal events—

such as earthquakes, volcanic eruptions, and extreme weather—by enhancing 

our understanding of the coupled Earth system, including the lithosphere, 

atmosphere, ionosphere, and magnetosphere.  

It focuses on refining datasets 

and computational models to 

better detect and interpret 

lithospheric activity and its 

influence on atmospheric and 

ionospheric conditions.  

Special attention is given to 

identifying early warning 

signals, such as changes in 

temperature, pressure, and 

electromagnetic fields, and 

exploring how these may be 

linked to imminent natural 

hazards.  

The project also seeks to integrate 

these insights with climate 

variability studies to uncover 

broader Earth system interactions 

and feedbacks, ultimately 

contributing to more effective early warning and risk mitigation strategies.  

SPACE IT UP develops AI-driven modeling frameworks that integrate satellite and 
ground-based data to analyze atmospheric and ionospheric responses to 
lithospheric processes such as earthquakes, volcanic activity, and tectonic 
deformation.  

Using machine learning and deep learning, the models aim to detect complex, 

nonlinear patterns and 

precursors often missed 
by traditional methods.  

By fusing data from 

GNSS-R, ionosondes, 

magnetometers, and 

satellite radiometers, 
the system identifies 

subtle anomalies across 
the coupled Earth 
system.  

The goal is to enhance 

predictive insight into lithosphere–atmosphere–ionosphere interactions and 

support more effective early warning of geohazards.  

Testing and validating models 
Model testing and validation are essential and rely on real-world case studies of 
natural disasters—such as earthquakes, volcanic eruptions, and tsunamis—to evaluate 
accuracy and predictive capability.  

This process includes  

 analysing historical data,  

 simulating diverse scenarios, and  

 comparing model outputs with observed 
outcomes to identify strengths and 
limitations.  

Validation targets specific metrics:  

 Ground shaking and fault rupture for 
earthquakes,  

 Eruption timing and ash dispersal for volcanoes 

 Wave propagation and inundation for tsunamis.  

By applying models across varied events, 
researchers iteratively refine their performance, 
enhancing their reliability for disaster 
preparedness and risk mitigation.  

This study is carried out within the Space It Up project funded by  

the Italian Space Agency, ASI, and the Ministry of University and Research, MUR,  

under contract n. 2024-5-E.0 - CUP n. I53D24000060005. 


